Introduction
As one of nutritional and functional components of diets. fat delivers pleasing taste and flavor as well as what food scientists call 'mouth-feel' in foods, thus providing positive sensory attributes. However, a number of stud ies have documented that excessive consumption of foods high in fat leads to health problems including obe sity and heart disease. Thus, the food industry is facing the challenge of searching for new alternatives for fat in foods without any quality loss. Typically, fat can be replaced in foods by modifying the food formulation with carbohydrate-. protein-. and lipid-based ingredients. Even though a variety of fat replacers have been devel oped, there are unfortunately no ideal fat replacers which completely function like conventional fat. However, more recent development of food processing technology allows multi-functional fat replacers with unique qualities to be created and used in the most appropriated product applications. Consumers can there fore benefit from the use of multi-functional fat replacers with health-enhancing effects and keep enjoying food products with reduced content of fat and calorie. There exist several review articles and books on fat replacers which summarize the properties and functions of various fat replacers [1] [2] [3] [4] . However, most of them have been published in 1990s and more recent trends of fat replac ers have not been reported yet. This article thus intro duces recent studies on fat replacers which have been reported since 2000. Specially, a main focus in this article is placed on multi-functions of fat replacers (specifically.
carbohydrate-based fat replacers) for commercial appli cations beyond reduced-fat and -calorie effects.
Classification of fat replacers
It is well recognized that fat plays critical functional roles in foods by providing tender texture, glossy appear ance. good flavor. emulsifying property. and so on (Fig.  1) . Thus. fat gives positive sensory and functional prop erties when incorporated into food formulations and its contribution to physiological benefits is also well-docu mented. Therefore. the removal of fat in food formula tions can cause undesirable changes in food quality attri Fat replacers indicate food ingredients that can take the place of all or some of the fat in foods and yet give similar organoleptic properties to the foods [5) . In gen· eral, they serve two purposes which are the reduction of fat and calorie contents since fat has energy values of 9 kcal/g. Depending on their chemical structure, fat replacers are classified into lipid-, protein-, and carbohy· drate-based fat replacers. Furthermore, another terms of fat replacers which are fat substitutes and fat mimetics (also called analogs and mimics), have been widely used [2) . Fat substitutes indicate any ingredients of which chemical structure and physical property are similar to those of triglycerides. Therefore, most of fat substitutes indicates lipid-based fat replacers and can be used by replacing fat on an equal weight basis. On the other hand, carbohydrate-and protein-based fat replacers belong to fat mimetics which have similar organoleptic/ physical characteristics to fat. Fat in foods may not be replaced with fat mimetics on a one-to-one basis. Recent applications of fat replacers since 2000 are presented in Table 1 .
Multi-functions of fat replacers
For the successful development of fat replacers, there are fundamental factors which can be taken into account. First, fat replacers should be safe for the use in food applications. They also should have similar functional and organoleptic properties of fat in order to minimize [21] Buckwheat Cake -20 [22] Meat product -20 [23] Cannellini Furthermore, it would be better to consider consumer dynamics for reduced-fat foods. The efforts to manage weight and chronic conditions have driven current health-conscious consumers to food-based solutions for reducing the risk of diseases and improving their health conditions. However, they do not want to change their current lifestyle by the sacrifice of their diet patterns. Therefore, there is a need to consider more various fac tors when replacing fat in foods, in order to satisfy the demand of current consumers for reduced-fat foods.
Reduction of fat and calorie
From a conceptual point of view, fat replacement is the reduction in fat-constituted calories by using food ingre dients with less calories than conventional fat. Therefore, one of the strategies to develop fat replacers is to explore reduced-calorie compounds from non-lipid-based sources (such as carbohydrates and proteins) or manipu late the composition of fatty acids for lipid-based fat replacers (such as structured lipid). Since most of fat replacers from carbohydrate or protein sources have less energy (i.e. generally 4 kcal/g). the energy density of the foods can be readily reduced. As previously mentioned, a diet high in fat leads to undesirable health problems such as obesity, high blood pressure, and heart disease. Therefore, the World Health Organization recommends that the total fat intake should be less than 30% of the total calories and that the intake of saturated fat should not exceed 10% of the total calories [6] . Hence, the reduced content of fat and calorie derived from the use of fat replacers is a nutritional approach to prevent chronic diseases, thus providing beneficial health effects.
Physiological benefits
Healthy innovation is most widespread in the global food industry. Hence, when developing or discovering fat replacers, another factor to be considered is health-func tional property derived from their physiological activi ties. In this aspect, carbohydrate-based fat replacers (especially from dietary fibers) impart various health benefits to the consumers when incorporated into food formulations at appropriate levels. Thus, fiber-based ingredients are becoming increasingly important as health-promoting functional materials. For example, microcrystalline cellulose, which is non-digestible and has zero-calories, has been used as a fat replacer for meat products, ice cream, salad dressing, and so on.
Also. food applications have benefited from the use of methy1cellulose gums such as hydroxypropyl methylcel lulose (HPMC) which is regarded as a soluble dietary fiber. Specially, the linkage of p-glucan and its physio logical effects has been suggested by a number of in vitro and in vivo studies, demonstrating that /i-glucan is effective in reducing cholesterol level, controlling blood glucose level, and reducing the risk of colon cancer [7] [8] [9] . Hence, a number of trials where p-glucan was used as a fat replacer, have been found in the literature. Even though health-enhancing effects from the use of carbohydrate-based fat replacers would hardly be claimed due to low level usage, it would be a right step in the right direction to healthy diets.
Textural and rheological control
Successful development of fat replacers has not only been confined to the reduction of fat and calorie contents by the use of a low-calorie ingredient. In addition, inten sive efforts are needed to maintain or even improve the quality attributes of foods by replacing the functions of fat in foods. Most of fat replacers derived from carbohy drate-based fat replacers belong to hydrocolloids which are mainly hydrophilic biopolymers with high molecular weight with great water retention capacity. Thus, since carbohydrate-based fat replacers can bind substantial amount of water, their unique functionalities such as thickening, gelling, and emulsifying properties allow them to mimic the mouth-feel and flow properties simi lar to those of fat in aqueous systems. Hence, it is also critical to characterize the rheological properties of car bohydrate-based fat replacers prior to the food applica tions.
In general, carbohydrate-based fat replacers are dis persed/dissolved in water to form a viscous solution or a gel. The increased viscosity aids in incorporating more air bubbles and stabilizing the structure of a food matrix [101, demonstrating that the use of carbohydrate-based fat replacers can compensate for the volume and textural loss of reduced-fat foods. Also, most of fiber-based fat replacers in solutions exhibit shear-thinning flow behav iors which are known to provide a light and non-slimy mouthfeel to food products [11] .
Green processing
A recent issue in the manufacturing industries is the 'Green' concept that promotes the development of envi ronment-and human-friendly products. Moreover, with the recent well-being trend, natural products are so increasing in prevalence that the growth rate of some natural categories in the food industry has begun to rise, Thus, fat replacers needs to be moved into natural realm by the use of natural ingredients and processing technol ogy even though synthetic fat replacers (such as carbo hydrate fatty acid polyesters) showed great potential for successful food applications. Although most of the natu ral applications are still in the early stage of develop ment, Trim technology which stands for 'Technical Research Involving Metabolism' is approaching commer cialization with C-trims ([3 -glucan-rich hydrocolloids from oat bran concentrates) [121. Through the TRIM processing, a functional substance (specifically, [3-glucan) from cereals such as oats and barley is extracted with the assistance of steam jet-cooking and physical fractionation steps. Thus, the combined use of thermo/mechanical treatments without any chemicals represents environment-and human-friendly technol ogy. In case of natural ingredients, their functions in a body are so well-understood that the use in a food is on the rise when used at appropriate levels. Furthermore, the use of agricultural by-products as a source of fat replacers provides an opportunity for the food industry to move toward sustainable production. For example, apple pomace which is the major by-product of apple juice industry is generated approximately 3.0-4.2 x 10 6 Mton/year, causing serious economical and environmen tal problems for disposal. Thus, pectin-enriched materi als from the apple pomace were prepared and evaluated as a fat replacer, producing baked goods with 30% less shortening [131.
Health claims on a label
US FDA initially authorized 7 health claims in 1993 and as of 2004, 12 health claims have been approved by the FDA. The intended purpose of health claims is to give consumers the information on health-eating patterns which may lower the risk of heart disease, the level of blood cholesterol in a body, and so on. Since consumers can use health claims to make food choices, the food industry is very interested in using health claims on a food label to market their products.
Specially, the fat replacers based on [3-glucan have been shown to be strong candidates for making health claims on a food label. The FDA authorized the use of a health claim for the role of [3 -glucan in reducing the risk of heart disease when 0.75 g of [3-glucan/serving is included [14] . As a pioneer of fat replacers, Oatrim and Nu-trim which were developed by Dr. Inglett in USDA contains 5% and 10% [3-glucan, respectively. Also, Calorie-control trim which is called C-trim for short, has high amounts of [3-glucan ranging from 15% to 50% by weight. Therefore, the food products containing Trim products can be allowed to have a health claim on their labels [15] .
Extension to diverse reduced-fat foods
As we think of the applications of fat replacers, they have been widely used in two food categories which are baked and dairy products. It would be because they belong to the representative groups containing high con tents of fat and calories. Also, it is readily easy and conve nient to modify their formulations without any significant quality loss. Thus, a number of studies on fat replace ment in foods have been used mainly in baked or dairy products as a model system for fat replacement. However, the type of foods where fat is replaced has been recently diversified with increasing consumer demand for variety. For example, cocoa butter in choco late was recently replaced with j1-glucan-rich hydrocol loids and their rheological and tribological properties were characterized [16] . The cocoa butter replacement with l1-glucan-rich hydrocolloids up to 10% produced soft chocolates with improved boundary lubrication prop erties. In addition. fried foods are one of the representa tive foods with high amount of oil and calorie which is thought to contribute to health problems like overweight and obesity. Even though fat replacement is not neces sary in fried foods, the role of ingredients which reduce the oil uptake of fried foods is in good agreement with that of fat replacers in terms of reducing the content of fat (or oil) and calorie. Therefore, there existed a couple of preceding studies which reported the effect of carbo hydrate-based ingredients on the reduction of oil uptake during frying. Specially. when /3-glucan-rich flour from barley was evaluated as an oil barrier. it was found to absorb almost about half as much oil during frying than wheat batters [17] .
Summary
Even though fat reduction in foods is not a novel con cept in the food industry, there is still a dominant demand of health-conscious consumers for reduced-fat foods that can improve or enhance their health and life style. Specially, carbohydrate-based fat replacers show great potentials for satisfying these consumer demands due to their multi-functions when incorporated into food formulations. Thus, without a doubt, the use of multi functional fat replacers in foods can have various signifi cant impacts on health as well as food qualities without serious concerns on the reduction of fat and calorie con tents.
